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The following report on the Measurements of Rudder
Moments taken on an Airplane in Flight, is a translation
from "Zeitschrift fur Flugtechnik und Motorluftschiffahrt,”
Volumes Nos. 31 and 32. The translation was prepared by
the Paris Office of the National Advisory Committse for
Aeronautics.

The urgent need for the highest possible numbsr of
utilizable machines, turned out in the shortest possible time,
gave rise to such a demand on ths airplane industry during
the War, and there was such constant need for inrovations
in the airplanes themselves, that the mamufacturers had to
depend on their own common sense and experience rather
than on scientifically acquired knowledge in the early years
~ of the War. The results obtained were uncommonly success-

ful, in spite of therz being mo spare time for aeveloring
aerodynamical theories and utilizing them as foundation

to work upon. The method suited the times, but such an em-—
pirical mode of testing new types, constructed on unsurs
bases, could not be continued later on. Ths future of air-
craft design #ill have to be entrusted to technically

trained engineers who are spscialists in their own line of
WOrk.

The creation of systematically scientific bases for
the further development of airplanes will be specially
sought after; their construction, their utilization and
their efficiency will be studied, and strength calculations
will be established by means of model tests, not only by
statlic tests of brezking loads on costly finished airplanes,
as heretofors. Much had been done along these lines before
the War, and a great deal nore has been achieved within
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the last few years. ¥ind tunrel model tests have been adopisd
extensively, but few practical tests have been rade on air-
planes during flight. The first utilizable tests carried

out at the German Testing Laboratory*wsre cut shori by ths
War. Thers is urgent need for such tests, for it is by their
means alone that the value of model tests, obtained under
simplified conditions, can be proved in respect of thsir ap-
plication to actual airplanes. Wind tunnsl measurements of
large models and high velocities have occasionally produced
astonishing results. This shows that it is only by meane

of u large number of practlical tests that the raquisite ac-
curacy can be attained in asrodynamical ocalculations. Flight
conditione, in their actual succession, can certainly never
be rsalized by means of model tests, as such conditions de-
pend upon the pilot, and are maneuvers which cannot be re-
produced in testing models. All the conditions of non-steady
flight and of the worxing of the propeller can certainly be
obtained in model tests, but such tests ozn only be carried
out with grest difficulty.

Up to the present time, there have been but few results
of pracitcal flight tests, it being difficult to reduce ths
art of aviation toc the limits of regular and systematic
tests. The airplane required sc many constructional altera-
t{ons, when its proportions are reduced to the dimensions
of ths model, that the effect of such modifications cannot
always be foreseen and flight tests on actual airplanes
are still dangerous, though less so than in former years,
when less experience had besn guined and there was less
excess of engine power.

The rational starting point of all flight tests is
steady horizontal flight. Measurements of swinging and steer-
ing conditione in curved flight should be vostponea until
horizontal flight has been brought to the standard of our
Present scientific knowledge. All the thedretical investi-
gations and modsel tests made as yet deal with it alone.

There are two main points to be determined in investi-
gating steady horizontal flight: they are the sstimation of
the forces und of the MOMENTS. The scope of the forces is
important in its influence cn the climbing capacity, speed
and gliding capacity; that is, for #e efficiency of ths air-
plane. Tne .gquilibration of the moments is absclutely es-
sential to its safety, stability, and conirocllability, -
that is, as regards its flight qualities. The difficulties
encountered in determining these two points are different
in character: in measuring force, the functioning qualities
of the angine and of the propeller are of such importance
for the total efficiency of the airplane, that its aerody-
namical Qualities are of relatively minor importance and

* See "Zeitschrift fir Flugteocanik und Motorluftschiffahrt,®
: No. V, 1814, pp. 3, 17, and 149; also "Technische
_ Berichte der Flugzeugweisterei,®™ Vol. I, p.6l.




slight alterations in the distribution of force mway easily
disguise aerodynemical inflvences quite effecvively. It is
essential, for thess reasons, that particularly sensitive
instruments should be used in measuring forces on airplanes,
and a thorough acquaintance with the airflow conditicns is
equally necessary. It is, indeed, only when the propeller
efficiency, decreass of power ~itn atmospheric pressure, etc.
has been thoroughly grounded that such measurements can be
taken at all. When measurements of moments are twken, pro-
peller and angine are, on the contrary, of small importance.
Herz we have to deal with ths coxpensation of aerodynamisal
forces only, in the first case, and they cen be measured
with less delicute apparatus. The difficuities here encoun-
tered are of a purely technical rnature, as the mesasurements
of moments necessitate derangsments of the equilibrium
through unbealanced lowads or by one-sided bracing of the cel-
lule, and the pilot is taerefors obliged to fly in an un-
balanced airplane. These drawbhucks may, nowsver, be met by
controlling dsvices and by expsrience on the part of ths
pilot. )

We now propose %0 dsal with such measurements of moments,
giving the results of the action of the rudder on the posi-
tion of the airplane as on the equilibrium of the moments.
The measurement of moments is preceded by measurements of
the dimensions of the roments produced by the siteering of
the rudder in their relation to the angle of attack., Cali-
brated rudder curves wre obtained by such measuremsnts, in
the present instancs for the rudder and the elevator. This
theoretical data is closely connected with the direct and
practical study of the infiuence of bracing on moments, and
consequently on the equilibrium of the airplane and its
safety in flight. Mention will also be made of thes means
by which errors in position can be correched. A simple
method of bracing is thus arrived at, znd its direct util-
ization is shosm in the test results given below.

Data on rudder sfforts and the resultant moments has so
far been obtuinable from the controlling measuregents taken
in the Gdttingsu Model Testing Laboratory alon=s.  Such tssts
can only be carried out under simplified corditions, and
they can only be applied 1o an airplane after it has been
practically tested in flight. The GOttingen measurements
take no account of the effect of the slip streaum on the
controls, although the rudder und fins are sensibly affect-
ed by the slip stream, as shown by the various positions
Taken up by an girplane yhen the engire is running, and in
gliding flight. In the Gottingen measurements6 the angle
of attack has been successively increased by 5°, whereas
such great differences never occur in the angle of attack in

* Compare “Technisghe Berichte,"™ Vol. I, No. 5, p.168.
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actual £light, or at least not under the influence of the
elevator. If the model tests are finally to be applied to
that part of the control situated in the wake of the pro-
peller wind, some further preliminary tests are nesded, as
ordinary plates were ussd in testing the control models,
shile the lateral controllirg mechanism is always to be re-
garded as an extension of the wing ribs; also because such
measurements apply to rudders huving & depth of 1/5, 2/5,
3/5, and 4/5, &hereas in actual airplanes such depth amounts
to about 2/7.

During the War, the present writer took mezsurements
of moments and rudder forces while flying on a DEwCV air-
plane (see Figs. 1 to 3), with & 200 H.P. Benz sengine, at
the Germen Testing Luboratory at Adlershof. The results of
the tests are pollectively stated below, as compared to
those of the GOttingen Laboratory. The exact measurements
of the airplane are to be found in Table 1 and Fig.l.

T able 1.

Messurementes of the Dfw € V Airplane.

fUpper dihedral angle - 179°
Wings mm, :LOW'BI' " n - 1780
T upper : lower :
Total Span: 13 100 : 11 240 :Angle of the retreating
t1 :+ 1 750 : 1 750 : upper wing ..180°
ta : 1 %50 : 1 :7C s " # " retreating
: lower wing ..180°
. : Anple of attack:
Total surfuce F - 41.236 sq.m.:Distance: upper : lower
:from the:right:left:right:left
Stagger B : Q° 3 center : 3. : :
: outer 22 : 22 14,59 :4.59
: inner : 4° : 4° :8.0° :6.0°
¢ fixed : : :
tpart of : :

:3ail plane: :3.25%:3.25°
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MEASUREMENTS OF LATERAL MOMENTS ON AN AIRPLANE.

There are two ways of producing upbalanced lateral
moments in an airplans, apart from the steering momsnt:

1. By the application of weights on one sids.
3. By unequalized bracing (unbalanced 1ifting foroe),

As the moment @Que to unbalanced lifting force can be
compensated by the action of the alleron, and the location
of the aileron at the moment in gquestion therefore pre-
sents the possibility of .equilibrating both the methods
above referred to, and of estublishing calibrated curves
showing the force on the aileron in terus of ths angle of
attack.

Water weights are used in order to produce weight mom-
ents. A second manner of producing such moments is that of
unequalized bracing below the spars (dissimilar angles of
attack on the right .nd on the left). The meagurements
taken are for directional conirol and elsvator control.

On the outer struts, water tanks of similar size and
shape are built in betwsen the wings in such & manner that
the extra head resistance and the weight of the tanks are
equal on both sides of the wings, and are therefore, equil-
librated for the airplane (Figs. 2 & 3). The ocbserver's
coCckpit contains a water tank of 30 liters capacity, lo-
cated close to the pilot's seat in order to keep the extra
welight as nsar as possible to the center of pressure,

From this tank, a side-tank oan be filled with water by
means of a pressure pump b, The rubber tubing for that
purpose 1s located in the braeing of the lowsr wing, s8¢
that it causes no derangement to the airstream, The vol-
ume of water pumped into the side-tank during flight can
be read in liters on a benzine meter d specially oali-
ibrated for the purposs.

The aileron is at a distance of 5 m, from the center
line of the body. The angles of attack arc measured on
the lower wings below each rib by means of a water-level,
and determined as angles of the corresponding wing choxd
in felation to the engine shaft. If the angles of attagk
of a wing need alteration, the oubles of the front bearing
surface are left as they are, the cables and counter-czbles
of the rear bearing surface alone being altered. The turn-
buckles are thoroughly lcosened before bracing, and then
tightened until the relative positions of the upper wings
and the lower wings (stagger O being measured with a plumb-
line) are equal. In this way, the dihedral angle remains
unchanged, the forp main struts and the front loads are not
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eccentrically loaded, and there is not toc high a stress

on the turnbuckles., The differencss in the angles are the
differences in the chord angles of the right and left lowsx
#ings at the ribs wshich are marked as being adjustable, on
the outer or immner strut. On account of ths comstruotion
of the interior of the wing, ths adjoining ribs take up the
positions shown in Tabls 28 afiter such adjustment. The Jourth
ribs, left and right, counting from the outsige, bear the
nark 4.5° angles of attack. A difference of 1° is, for imn-
stance, thus obtained in the angle of attack on the outer
strut (test series b), when the fourth right rib is re-
duced by 1°, so that its chord is inclined towards ths en-
gine shaft at an angle of 5.5°, while the left ridb ie in-
clined to the engine shaft at an angle of 4.5°., This is the
process adopted in equipping airplanes at the factories.
Differences of 1° in the angle of attack, at the rear outer
strut, are visiblzs to the naked eye by reason of the notable
canmber of the upper surface. With the aid of & cup ansmom-
eter located beyond the sweep of the slip stream, on the
right inner strut, a uniform flight velocity is maintained
during tne entire series of tests, when flying either at
full intake or in gliding flight. In flight against the
wind, readings are taken at an altitude of 3000 to 3300 m.,
s0 that approximately equal flying conditions may be attain-
ed sven when the flights take place on different days.
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Table 2,

Bracing of the Test Airplane in Test-series a) to d).

Angle of Attack in Degrees.

Test
Seriesn:

Right Wing (number of ribs):

1 : 2 :

3 :

6: 7: & : 9 : 10 : 11 : 12 :

.._...-....,'...-—._.

13 : 14 t 15 5 16

Y e

a) 2.5 13,0 lro 45 51 53 53 ;5.5 5.7 60

6 0 6 Q 6 Q 6 0 5 9 5 9

b) 2.8 H.3 ¢ 51 ‘5,5 (5.5 (5.7 5.8 15,9 6.0 6.0

6 0 6 0 6 0 6 0 5 9 5 9

) 2.5 3.5 k.3 503

d) 2.8 : 4.3 i5.1 i5.5 5.5 5.7 58 59 60 60

L--w --u_.-l

Newn. -—F—-

.2 5. 5

5.5 5.7 5 9 6 Q 36 0 6.0 6 0 6 0 5.9 5 9

6.0 : 60 60 60 5.9 5.9

Table, 2 (Cont'd)

Bracing of the Test Airplane in Test-Berieg a) to d).

Teat . Angle of Attack in Degrees ‘#1qd5:”—“
Serieafh_i Left Wing (number of ribs). tﬁ;_ﬁj;béiié’j
T3 Wi miteis s 17 16 5 1% 13 ie (3 HAAS
_ &) 15.9 i5.9 16.0 16,0 16.0 16.0 16.0 5.7 5.5 :5.3 5.5 i5.4 (k.5 1h.0 i3.0 2.5 10.0°1420
b) ?5-9 5.9 6.G 6 0 6 0 6 0 6 0 5 7 5 5 5.3 5.3 '5.1 4 5 4,0 i3.0 ‘2. 5 11.0°%42°
e 55-9 5.2 16,0 6.0 16.0 6.0 5 7 5 5 5 0 5 0 4.8 4.2 13,5 3.1 2 3 '1 3 ‘1.5 3;55“
Ta) 55.9 55.9 ;.6 0_2—546_5#5—"_6—_&;:(' ‘5,5 5.0 ! 5018 Tﬁ?*;ﬂ?l i2.3 _13 .2 0°f'+2°

— b




Tahle 3

Results of Test-series a) to d)

Test : Diff, in: Speed : Altitude : Kind of ;Eléva-: :Ailer-: Water:Moment m/k
Series : Angle of: km/h in m. Flight ¢ tor :Rudder: on :Teight:
: attack - ' : : : : : : kg,
:rt. and . : . :
left - : ' : : —
: : - . Engine running : 6.5° : 4, : 0.CP r
: : ;- 2000 Gl%ding fligh% ~1.0° : B850 0,50 ¢ - -
: : : to . Engine running : 4.5° : 4,52 : 052 : 10 5O
: 6 : 2200 : Gliding flight :-1.8° : 4.5° . 1%5’; B
&) : 0.0° :110 and : Engine running : 4.5 : 4,50 : 1, ;15 75
: : 1 2200  : Gliding flight :-1.5° : 4.B5° : 2.0° : ‘
to : Engine ruming : 4.5° : 4.8% : 2,267 20
: Qliding flight :-p2. 0P : 4 82 . 2‘27550: :
: Engine running @ 4,80 ; W B0 . 220 . ;
» @iding flicht :-3.0°  #.8° ¢ 3. 30 . 150
: : : : Engine running : 5.0V . 3.5Y .-1.KY . - -
: : : 2000 : Gliding flight : 0.0° : 3.50 --1.0° -
: to : Brigine running @ 5.09 : 3.57 -0,75.: 10 50
: I ' 2200 : @liding flight :-0.59 : 3.5° :~0.25%; -
b) 1.0% : 110 and : Engine rumning : %.5% : 3,59 ; 0.0% : 15 75
: : : 2200 : Gliding flight :-1.59 : 3,59 : 0,59 :
; e : Engine running : %.0° : 3.5° : 0.759 20 100
: 2000 : Gliding flirzht :-2.00 : 3.5° : 1.25%:
: : Engine running @ %,09 ; 3.59 : 1.3°: 30 : 150
: : Gliding flight :-2,5° : 3.59 ; 1,8°




Table 3 {(Cont'd)

Results of Test-series a) %o 4d).

Test :Diff. in : Speed :Altitude: Kind of :Fleva~: tAiler~-: Water: Moment m/k
Series :Angle of : km/k : in m. : Flight : tor :Rudder: on :"eight:
Attack : : . : : : kg, o
: rt. and : : . - : . s .
3 1 left : : : = : i : :
. | ‘ ‘Engine runping - 5.0°0 © 2,50 i-3.0°9 7 . -
: : : 2000 :0liding fligh% —E.OGJ: 2.%2 :~§.o°o; :
T : : to :Pngine rumming : 5.00 : 2.5, :~1.G60: 10 3 50
P : : 2200 :Gliding flight :-1.55": 2.5, :—1.E§ : : ‘
c) : 1.50 ¢ 110 and :Engine rumning " :-5.0, : 2.5, :-1.0, : 15 75 :
: : : 2200 :0lidiny flizht 1.5, @ 2.5, :-0.2 o’ :
to  :Engine rumning : 4.5, : 2.5, :-0.h55: 20 : 100 &
: 2000 :Gliding flirxht :-2.05 : 2.5, : 0,05 : : .
: :Engine fli~ht « k.05 : 2.5, : 0.15 + 30 150
: :Gliding flight :-3.0° : 2.5 0.6 : :
:Engine’ running 5.53 : 2.52 -~4,0g : - -
: 2000 :Gliding flight : 1.05 : 2.55 1~3.5 4 :
: : ¢ to  :Engine running : 5.0, : 2.5, :-3.254: 10 50
: : 1 2200 :Glidinz flight : 1.04 : 2.5, :-2.75 : :
: ; t  4nd :Engine rumning : 5.0 : 2.55 :-2.55 ¢ 15 15
d) : 2.0° : 110 : 2800 :@liding flisht : 0.55 : 2.5 :-2.0 . :
: : : to :Engine running : 5.0, : 2.54 :=1.75,: 20 : . 100
: : : 2000 :Gliding flight :-0.55 : 2.5, '~1.2§: :
: : : :Engine running : 4.5 : 2,55 :-1.05 @ 30 - 150
: : : :Gliding flight :-1.5 : 2.5 :1-0.% : o
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The positicn of the elevator and of the lateral control
may be read on graduated sectors with movable fingers; these
sectors are imstalled in the observer's cockpit, in connec-
tion with the corresponding wWires, and the positign of the
right aileron is determined in & similar manner, (see Fig.5).
As these flighis w®ere extended over a period of ten days, so
that they took place under approximately similar condiivions
of temperature and altitude, in relation to the surrounding
atmosphere, and at a simlilar time and speed, the statio :
pressure may justly be said to be approximately conetant in
the different grouvs of tests. No measurements were taken
at the time.

- The tests were carried out in the following manner:

a% With the airplane normally braced (Compars Tabie 2,
test a), the pilot eclimbed to an altitude of 3000 m. In
flying from 3000 m. to 2200 ., with the engine running, &
speed of 110 km/h wae studiously maintained, according to

the anemometer, in horizontal flight against the wind. The
pPositions of the elevator, the rudder and the aileron were
read during the time. Then came a cescent from 3300 to 3000
m. in gliding flignt (throttle closed), ths velosity of 110
k/m being maintained and readings again taken in all three
positions. Ten liters of water were puwped into the right-
hand slde-tank by the observer while the airplans dropped

t0 1900 m. and climbed again to an altitude of 2000 m. Read-
ings wers again taken during flight with the engine running,
from 3000 m. to 330C m., and also in ths suocceeding gliding
flight from 2300 m. to 3000 m., and similar measurements

were taken with 15, 30 and 30 liters of water in the side-~
tank.

The entire series of tests was repeated three times;
as £ollows:

) With a difference of 1° in the angls of the attack
on the right and left sides, produced by lowering the right
outer rear strut (the fourth rib below the strut being marked
for the angle of attack).

c) With a difference of 1.5° in the right and lefi
angles of attack, caussd by ralsing the left outer rear strub
by 1/28°%, and by lowering the right outer rear strut by 1°.

d) With a difference of 2% in the right and lef$ an-~
gles of attack, produced by lowering the right outer rear
strut, and raising the left one, in esach oase by'lo.

Test series a) to d) were thus accurately carried out
with a view to obtaining a reliable calibration curve by
means of numerous readings. The results of this test series
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are collectively given in Table 3. Figs. 6 tc © skow the
effect of unequalized bracing of the outer struts on the ail-
eron action, with the engine rumning and in gliding flight.
Tne sheaf of curves follows vhe same general direction, con-
verging only by 5°. It may theréfore be concluded that the
#ing tips are no longer under the influence of the slip stream.
If the current had been disturbed by the slip stream, there
would also have been consequent alierations in the form of
the curve sheaf. It follows that only one calibrated curvse
is valid for the aileron (Fig. 10), both when the engine is
running and in gliding flight. It also followg that the
measurements of control models, taken at the Gottingen Lab-
oratory for the calculation of ailerons, may be applied to
flying airplenes if the conditions be duly considered, be-
gause the currents prevailing at the ailerons, directly they
are beyond ths influencs of the propeller wind, are similar
to those encountered in the wind tunnsl. The conditions
differ only in so fer as that certain vortices and divsrg-
ences of the air-stream occur at the tips of the wings,
being due to the influence of the edges, during flight,
whereas such derangements do not occcur to the same extent in
the wind tunnsl.

?he sweep of the curves of the values of C,* found in
the Géttingen Report and reproduced in Figs. 11l and 13 is
quite similar to that of the calibrated curve in Fig. 10.

It gives the impression that the point of infleetion is de-
pendent on the ratio of the rudder area to the total arsa.

In some of the curves, a further point of inflection is shown
for larger angles of attack. The Gottingen measurements do
not show whether there is also a point of inflection betwgen
0 and 59, as they were carried out only at intervals of 5.
To judge by the swesp of the curves, however, there is every
reagson to believe that it is possible,

The GOttingen values of moment cannot be compared with
those obtained at Adlershof on account of the comparatively
latrgs angle of attack in_the Gottingen tests. It must also
be remembered that the GOttingen ratio between rudder surface
and totel surface is 1/5: 3/5, whereas it is only 2/7 in the
tests in question. If mean values were found for the two
GOottingen models, they would approximately correspond to the
ratio of 2/7. If the value of 2° pe interpolated, the scals
of dimensions of the resulting values of moment is similar
to that of the values found at Adlershof; it is only 10% lowsr.
If we take a point of retrogression bstween O and 8° in the
Gottingen curves, as was done for the Adlershef calibrated
curve, higher moments are obtained, and the Gottingen curves
correspond even more exactly to calibrated curve No, 10.

* See “gechnische Berichte" Vol. 1, No.5, Tables CLXIII and
LX1IV,



- 11 -

¥ith linsar interpojation, the following meodel valuas are
obtaired from the Gottingen surves for the aspect ratio
2 : 7

Angls of attack: -139 -9° _8° 32 00 3° % g° 33°
Moment 71 B84 78 8L 83 71 69 55 48m/kg,

as compared to 90 m/kg. for the Adlershof calibrated curve

th 28° rudder position. Valuss of aboud 10% highsr than ths
Gottingen measurements were anticipated, the two vortexes
alone being bound to reduce the 1lift in measuring the rudders -
unlimited and free as they were on both sides - more strongly
than the single vortex on the outer side of the aileron. They
may therefore be considered to corrsspond satisfactorily.

The effect of ths decrease in the torque of the engine
at an altitude of 3000 m., when passing from flight with the
engine ruaning to gliding flight, is made evident by the dis-
placement of the curve sheaf, in flight with the engine run-
ning, by a difference of 0.56 in the positvion of the umileron
as compared to its position in gliding flight (See Fig.13}.

Aocording sc_the calibrated curve shown in Fig. 10, ths
difference of 0.5° in the aileron position corresponds to =
clock-wige transverse moment of the 20C HP Benz engine ait an
altitude of 2000 m. '‘The only conclusion that can bs drawmn
ie that the total influence of engine and propeller is such
that a moment of 40 kg/m should be sdded on the right side,
in order to keep the airplane in a favorable position whsn
passing from flight with the engine running to gliding flight.

It is important to note that considerable transverse
momsnts can be brought to bear ugor the airplane (See Fig.10)
by meking comperativsly small alterations in the position of
the aileron, while extremely high unequalized moments may ,
on the other hand, sasily be compensated by altering the po-
sition of the aileron. Even for the gighest transverse mom-
ent of 150 kg/h, an alteration of 3.8% in the aileron position
(applied to one mileron) is sufficient. Protracted flight
with such a high unequalized moment is certainly fatiguing
to the pllot, particularly when the airplane has a joy stick.
He must also avoid curves at the side on which a moment of
more than 100 m/¥g. arises, &8 he would find it &ifficult to
get ous of such curves. If we apply this result to the two-
strut O airplanse, the spar of which is about the same when
the aspeot ratios are practically stationary and with cgually
large surface loads, and shich shows little difference in ths

position of the perpendicular struts, the following conclusions
may be deduced:

. In the case of night-bonbing asirplanes, in which part of
the bomb load ia suspended undsr the 1ifting surfeace on both
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sides of the fuselage, 100 kg. may safely be suspsnded
within 3 m, of the center of the fuselage because the air-
plane runs no risk, and can continue to fly, in spite of
the unequalized weight and even if tne bomb relieasiag
device should get out of gear on one side. It is, there-
fore, not absolutely essenf{ial that the bomb-release should
act simultaneously on both sides. By means of the arrange-
nent above described, they can be alternately dropped. It
might be advisable, nhowever, that such siroraft should be
eguipped #ith reversible or semi—reversible alleron con-
trols, that is, with wheel gearing, so that the pilot may
not be over fatigued by the unequalized loading of the
airplans.

The faet that the calibrated curve is flatter in the
centar is probably due to certain effects of the air current
produced by the portlon of the #ing in front of the ail-
eron. In case of extremely large angles (over 12° accord-
ing to Gottlngen measurements), the inversion of the steep
upward portion 9f the curve may be anticipated, though that
portion of the curve lies beyond ths range of possible
measurensnts.

A further seriss of tasts was carried out as a sequel
to these above mentioned, the differences on the right
and on the left of the angles of attack being represented,
by way of comparison, as unequalized displacements of the
inner struts. The results of this series of tests, e ,
are shown in Table 4. 1In Figs. 14 and 15, a comparison is
drawn between this method and the inner strut displacement
applied to the first series of tests, as regards their in-
fluence on the position of the aileron in flight with the
engine running and in gliding fiight.

This comparison shows that unequalized transverse
moments or the drag of an airpiane -~ which amounts to the
same thing - may be more effeotively corrected by a right
and left displacement of the angle of attack baslow the outer
struts. A bracing under the outer struts thus has gresater
influence on the transverse position of the airplane than
bracing of the same dimension under the inner struts, in
spite of the decrease of 1ift towards the wing tips.

The actual difference in the angles of attack, from
right to Yeft, is at most 1° from the ocentral position,
though it may amount to 2° in tests. This displacement
causes a strong torsion of the surfaces, plainly vigible to
the naked eve. FEven with a displacement of 1° under the in-
ner or outer struts, the differences affecting the aileron
are not inconsiderable, as thes transverse mément amounts to
75 k:r/m. in the first instance, and to 56 kg/m, in the second



Table b,

Results of Tests with Alterations in the Poeition of the

Inner Strute (Test-serieg e)

Y

Test : Diff. in : +Eleva-:Rudder:Ailer—

Speed :Altitude: Kind of : Water : Moment in
Series: angle of : km/h : in m, Flight : tor + on Weight : m/kg.
¢ attack : : : . . : kego
:rt.& left . .
R o s ¢ B : : Engine running : 5.50 : 4.59 : 0,09 - -
: cg :2000 to : Glidine flight : 0.0% : 2.59 : -0.5°
.00 : 2200 : Engine rumning : 5.5° : 4,50 : _1.0° - - ,
: 3 110 :2200 to : Gliding flight : 0.0° : 2,§% : .1,80 . :
g) : 1.5° : 2000 : Engine running : 5,52 : L.5%-. _».09 - - &
: 5 : : ¢liding flicht : 0.00 : 2.5° : 2.5°
2.0 : : : Engine running : 5.5 : $.5° . -3.09 + . - y
| : Gliding flight : 0,09 : 2.5° : .%.5° :
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"instance. The following rules may therefore be applied
to bracing:

The side-glip of an airplane may bs corrected by alter-
ing the angle of attack on one side, under the inner or
outer strut. The latiter method is the more effective.

On the basis of test results obtained in series a
to d,. Fig. 18 further shows how the position of the di-
rectional control is altered by transverse moments produced
either by adding weights or by altering the angls of attack
on one side. This figure clearly shows that purely trans-
verse moments produced by weights have no influence what-
ever on the poeition of the directional rudder when the en-
gine is running or in gliding flight. The frequently ex-
pressed opinion that a side-slip accompanies sransverse :
moments causing rotation of the airplane thus fails to hold
good when such rotaticn is the result of moments due-to
weights, and is equilibrated by altering the position of the
aileron. This action of the aileron may be traced to the
simultansous action of both. (In the case of moments that
make the airplane tilt laterally, thers is no simultaneous
rotation of the cellule if the airplane be disequilibrated.)

With the aileron position formerly in general use, one
side only came into play, while the cpposite side remained
inert and rotation was the obvious result of the unequal-
ized resistance.

In Fig. 17, a comparison is again drawn between the
displacement of the outer struf in tests a to0 d and the
displacement of the inner strut in series e , as regards
their infiuence on the position of the aileron. We know
that an unequalized alteration of the angle of attack below
the inner strut has no effect on the position of the ail-
eron, though side-slip as well as rotation results from such
alteration below the outer struts, the position of the ail-
eron and the directional ocontxrol being thereby affectsd.

The following principles may therefore be adopted in
practice:

The rotation of an airplane can only be corrected by
altering the angle of attack below the inner struis. There
is no need to fear a consequent recurrence of side-slip.

The alteration of the angle of attack below the outer struts
is certainly a more efficacious means of correcting rota-
tion, but it causes side-siip of the airplane after bracing,

Fig. 17 further shows that the directional control takes
up various positions in flightv with the engine running and
in gliding flight, in consequence of the action of the pro-
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peller. This may be asecribed to the infiuence of the eiip
stream on the rudder.

In the case of ar engine running with full 1oad, the
moment sxerted on the fixed part of the rudder by the slip
stream causes an anti-clockwise action of the rudder. This
necessitates the produciion of a counter-moment by clock-
wise steering with the directional rudder. Observations
taken at the propeller lead to the supposition that the
right-handed sweep of the slip stream trails off to the
right a% the pack, when the engine is av full intake, like
the wash behind a rotary ship's propeller when it is sta-
tionary in the water.

MEASUREMENTS OF LONGITUDINAL MOMENTS ON AN AIRPLANE.

Close beside the tail-skid, a tank ie built into the
rear end of the fuselage. This tank can be filled by pump-
ing from the observer's cockpit during fiight. Wnsn the
tests were being carried out in November and December, 1917,
water could not be utilized on account of frost, and the
"Allweil" pnmp would have been stopped up by tne addition
of xitchen salt to the water. The tank was therefore fiiled
with gasoline of 0.730 spscific weight. The distance be-
tween the center of the tail and the c.g. of the airplane
is taken as the lever arm of the longitudinal moments, and
the migration of the total c¢.g. towards the rear, due to
increase of weight in the rear tank, 1is also taken into
consideration. Including the empty tank, the installation
weighs 5.2 kg., and the calibrated ocurves of the elevator
consequently run from that point. The quantity of fuel
carried during the tests being always the same, the totzl
weight of the airplane and the position of ths c¢.g. remain
constant.

Contrary to the method followsd in the preceding tests,
the angles of attack of the wings are altered to the same
degree on both sides of the airplane {(the seitting of the
wings being left unaltered), that is, the wings are dram
up just so much on the trailing edges, below the outer
struts, as they are lowsred below® the inner struts. The
position of the wings relative to the engines shaft depends
upon the wing chord adjustment prescrived by the mamufec-
turer. Incrzased incidence is warked with a minus, de-
creased incidence with a plus.

The tests were carried out like the earlier series
with the sole difference that a flight velocity of 130 km/h
was maintained in the present instance. The results are
collectively given in Table 8. If we compare, by means of
this table, the infiluence of the various positions of the
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wing chords, as affecting the engine shaft, on the position
of ths elevator &hen flying with the engine running and in
gliding flight (See Figs. 18 and 18) there is a noticeable
difference in the sweep of the curves. _Contrary tc the re-
sults of previous tests (Figs. 8 to 9), the curve sheaves
do not deviate in parallel directions, but in different di-
rections. -‘This confirme the belief that it is not only the
deviation of the air current behind the wings, and the

1ift of the fixed part of the stabilizer that act as air
forces on the controlling part of the fuselage, but that
the position of the slevator is alsc considerablyvy influ-
enced by the propeller wash. As the measursments were madse
with the engine running and in gliding fiight, at the same
altitude, on the same day, and at the same flight velocity,
that is, with the same impact pressure, the deviation of
the alr current of the wings was the same for both methods
of filight. The difference in the curve is therefore due

to the fact that the characteristic values of ths 1ift of
the fixed plane are different in gliding flight from those
in flight with the engine running, on account of the un-
equalized angle of attacgck and the air eddy of the propeller.

The impact pressure, g % g%a g during the tests, amounted

to 88 kg/eq.m. The angle of attack, in flight with the
engine running and in gliding flight, could not be success-
fully measured, the apparatus specially designed for the
purpose proving defective at the first test. In spite of
this, it could be seen that there is little variation in
the angles of attack with the engine running and in gliding
flight, so the alteration in the first approximation may

be stated as null. -

The calibrated curves of the elevator (Fig. 30), which
are taksn from the test results, comprise the infiuence of
all three kinds of air forces on the controlling devices
and on the position of the elevator. The possibility of
calculating, from the Ghtingen measurements, a calibrated
curve taking no account of the influence of the propeller
wind, provides an opportunity of checking the curves in
question by comparison with the GOttingen measursments and
determining, at the same time, to what extent a calibrated
curve based partly on theory and vartly on measurements
teken in the wind tunnel can be applied in practice.

For the calculation of the calibrated curve, similar
angles of attack wsre presumed for flight with the engine
running and for gliding fiight. In the present instanoce
we get the following values:
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"

Impact pressure g €8 rg/sq.r.

Engle of attack « constant,

Distance of the axis of rotation of

the elevator from the c.g.a...... = 5 m.
Surface of the fixed plane f ..... = 4.13 sq.m.
Longitudinal moment due to the

additional weight ............ LMy - 19.4 m/kg.
Angle of the elevator .............. - +5.75°

The controlling moment My is algebraically composed
of the momant M, of the additional weight and the wing

moment M,,, To obtain equilibrium, we must have the follow-
ing solution:

Mp = My - Mg.
Now M = Ch.a. f . a.

The normal air force symbol C for the controlling
action is also dependent on the ang?e of attack O of the
control and on the angle €8 of the elevator. According to
Gottingen wmeasurements, it is as follows:

Cn:Cno(G‘)+3.4 e,
M, =Mp + Mz = Mp () +Co (@) . a.f.qg
+ 3.4 a fq B

The test shows that an additional moment of 19.4 m.kg.
with a wing angle of -1.00 relative to the normal corresponds
to a rudder angle of 5.75° (See Fig. 20). From the equa-
tion:

-

ML - constant - 34.3 € ,

we get the following supplementary moments for the addition-
al angles,

8 - C.5 1.0 1.5 2.0 2.5 3.0
ML =17.1 34.3 51.3 68.4 85.3 103.6

calculated from the normal trim of 5.75° domwards.

~



Table &,

Bracingz of the Test Airplane in Test-Series f£) to k).
Tost i Angle of Attack in Degzrees, -~
es ) . T
Serief, ;2 13 34 3 55 6 P;m?tsngg (gum?eioof iib?)ie : 13 ¢ 1% .15 16
£) 4,0 k.5 :5,0 5.5 :5.8 5_2 16,5 :6.6 :7.0 :7.0 :7.0 :7.0 7.0 16.8 6.6 : 6.3
z) 2.5 :3.5 :4.3 :5.0 5.3 5.5 15.8 6.2 16,3 :6,5 :6.5 :6.5 16.5 16,4 16.3 ¢ M
h) 2.5 '3 0 'LL 0 k.5 i5.1 :5.3 i5.3 i5.5 :5.7 :6,0 :6,0 :6.0 :6.0 6.0 :5.9 : 5.9
1) 2 3 2 8 3 8 :3.9 4.0 bl 4.6 4.8 b9 i5.3 :5.4 5.5 5,7 25_.7 15,7 : 5.7
¥) 1.3 i2,3 i3.1 3.5 :3.8 4,3 4,3 4,3 4,9 i5.0 i5.0 i5.0 5.0 5.0 15,0 ! 5.0
Table 5 {Conclugion).
Bracing of the Test Airplane in Test-Series f) to k).
Teat Angle of Attack in Degrees. "5'3 e
Series | 1eft Wing {(Number of rihs). hRpied
.16 3165 b ;1% :12 :31:10:9 :8 .7 :6 35 4 3 2 1 E:AS'Q_“
£ 6.3 :6.6 :6.8 7.0 17,0 :7.0 :7.0 :7.0 :6.8 16,5 :6.2 :5.8 :5.5 :5.0 :h.5 4.0 11,475 2%
g :6.2 16.3 :6.} :6.5 16,5 :6.5 :6.5 :6.3% :6.2 :5.8 :5.5 :5,3 5.0 :4.3 :3.5 :2.5 10.5%: 2°
h  15.9 :5.9 :6.0 :6,0 16,0 :6.0 16,0 :5,7 :5,5 :5.3 :5.3 5.1 4.5 ;4.0 :3.0 :2.5 :0.0% 20
i 35.7 15.7 :5.7 :5.7 :5.5 :5.4% :5.3 :l.g :L.g 4.6 :4.U :h0 3.9 :3.8 :2.8 :2.3 :-0. 6%:2
TR 5.0 15,0 :5.0 15,0 :5.0 5.0 :5.0 :4.9 4,3 4.3 4.3 13,8 :3.5 :3.1 12,3 :1.3 :-1.09:2°




Table 6,
Results of Test-series f) to k).

Test:Diff.in {Speed;: Altitude Kind of :Flevator:Rudder:Ailer-:Water :Moment
geries:angle of at- km/h: in m, Flight : ¥ on :Welpht: m/kg.
:tack, rights : : B : T kg
- and left: : : ; : :
£) . Engine running : {.5% 1 %.50 0.0° : 5.2
: . 2000 . Gliding flight : 6.20° @ 2.50 ¢ 0.52 : 19.4
. .40 2200 : Engine running : 8.5C§ : M.SS : 0,05 30, bg.0
$1.0° : 120 : and : Cliding fiight @ 7.00, @ 8.5, 0.55 ° '
: "~ 17 2200 : Engine running ¢ 8.70) ¢ .E:g : 0.0, 116.0 59.2
+to #800  : Gliding flight @ 7.50; @ 2.5 : 0.5 :
: . Engine running : 9.0G, : %.5 : 0.0 :19.6 72.3
. Gliding flight : #,00 : 2.5 o.§ :
+ Engine running : 9.”6’ T : 0, 106, 8 98.3
: Gliding flight : 9.003 : 2.50 : 0.§ : i
| Sl
: : Engine running : 6.95g ' 4.58 : 0,0g P g2 19.4 ©
: : Gliding flight : 6.00; @ 2,54 1 0.55 ¢ '
: : . 2000 : Engine running : 7.75¢ : *.55 : 0.0 12 b 45.0
: 0 . o 2200 : Gliding flight : 6.90, ! 2.55 @ 0.55 @ :
g) : 0.5 : 120 ¢ - and ® Engine rumning : 8.00; : h.SO‘ 0.0, 16,0 * 59,2
: : 2200 : Gliding flight : 7.30, : 2.55 * 0.5 :
: : to 2000 : Engine rumning : 8.25, b5, ¢ C.0q ‘19,6 ° 72.%
- : : ¢liding flight : 7.80, : 2.55 9.5 :
: ; . Engine running : 8.70, @ 4.By * 0.0, o4, 4 98,73
: : : Gliding flight : &.80 : 2.5 0.5 % -
: : : Engine running : 6.00° : 4.50 : 0.09 : g2 19,4
; : . @liding flight : 4,709 : 2.5 : 0.52 :
: : . Engine rumning : 6.,90° : 4,59 : 0.00 :32.h L6.o
T . 2000 : Gliding flight : 5.50° : 2.5% : 0,59 :
h) 0.0° : 120 :to 2200 : Engine ruming : 7.200 : .59 : 0,02 <3¢ g 59.2
: ; : and . @liding flieht : 6,000 : 2.59 : 0.52 : -
: ; 2200 : Engine flight : 7.55° : 4.5° . o.og 119.6 72.3
tto 2000 : Gliding flight @ 6.500 : 2,50 : 0.5 :
: - : Engine ruonning : 7.90, ® b5 : 0.0, :26.8 98, 3
+ Gliding flight : 7.507 : 2. : 0.5 ¢




Table 6 (Cont'd)

Results of Test-series f) to k).

Test :Diff.in an- :Speed: Altitude : Kind of :Elevator:Rudder:Ailer-: Water: Moment
Serics:gle of attack km/h: in m. Flight : ' +: on :Weight: m/kg/
mgth & left: : : : : : v kg,
: : ' - : Engine running + 5,80 . L. : 0,00 : 52 : 19,4
3 ) : ' : Gl%ding flight : 3.802 : 2,67 : 0,50 : 2 : 2
} : : + Engine running @ 6,50° : U 5% : 0.C° 1304 ' Wg.0
: 0o 1’2000 + Glidine flight : LGP . 2.8 : 0,80 =
1) -0.6 : 120 :to 2200 : Engine running : 6.85° : 4,50 : 0000 1y, 4 ‘59,2
' : : + and ¢ (lidine flight : 5.000 . §.5° P 0.5 :
; . t 2200 : Engine running : 7.1 - k&2 . 0.90 119.6 ! 72.%
: tto 2000 i Gliding flight : 5.50 : 2.5 : 0.5 = :
H - : ; : #ine Tunning 7.500 : ’-L.Sg 0.8 106.8 ¢ 98.%
= : : . Gliding flight : 6.50° : 2.5 : 0.5 : : .
H : : : : : : : : —0
: : : v Engine rupning @ 5,750 : L9 2 0.0 1 g ot qqn !
: 2 : : Gliding flight ! 2.2:"0O » 250 ;0,80 5_2 ' 9
: : : : Engine running : bR« BEO . o0,0P 1.4 7 Lg.o
: : : 2000 - Glid:mg flight @ L.00° - E.%O : o.rgg : :
k) -1.6 i 120 ito 2200 : Fngine rumning @ £.809 @ B B2 ¢ L B0 L. 0 59,2
' : > and : Gliding flight : L4.50° ESO : 0,52 ¢ :
¢ : t_ 2200 : Engine rumming : 7.000 : 4.80 : 0.00 : 49 : 72.3
tto 2000 : Gliding flight : 5.082 1 Egg : 8‘83 3 !
- : Engine running : 7.50- : H, 0N Y 0g.8 ¢ a,
 Gliding flight : 6.009 : 2.8° : 0.%° : 26.8 ;o 983
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These moments, with the initial moment 19.4 m/kg. are
marked in dotted lines in Fig. 20; the calibrated curvs runs
in a straight line midway between the curves for flight with
ths engine running for gliding flight, and this leads %o the
conclusion that the Gottingen tests coincide remarkavly with
the tests during flight, carried out quite independently.
The difference btetween the curves calculated without includ-
ing the influence of the propeller wash on the controlling
devices, and the curves found in actual tests, constitutes
a direct standard measurement for the influence oI ths pro-
peiler on the controlling device both in flight with the en-
gine rumning and in gliding flight.

Figs. 21 and 232 show that the 1ines of longitudinal mowment
climb more steeply in fiight with the engins running than in
gliding rlight. From this and from the calibrated curves, it
may furiher be seen that ths elevaior is wmore effective in
flight with the engine running than in gliding flight. It
follows that if the airplane cannot be righted in a steep nose-
dive, even when the elevator is at its largest angie, it may
possibly be done by puiting the engine at full thrpottle.

At the same time, the flight velocity 1is &glso increased and ths
lifting force of the wings augmented. Flight with the engine
running is less suitable for sesting longitudinal stability
and steering capacity of an airplane type than gliding flight.
If the elevating control has been incorrectly measured, the
airplane willionly crash when it is gliding at a steep angle;
the larger the angle of the elevator in a steer glide, the
greater is the difference between the longitudinal moments
produced by the rudder (lifting moments) in gliding filight

and in flight with the engins running. The airplans can there-
fore be steered in flight with the engins running at an angle
that would not be possible for giiding fiight, as the moment
produced would be insufficient.

It is further shown, in Figs. 31 and 23, that when the
angle of attack of the wings is increased, the longitudinal -
moments corresponding to the angle of the elevator ircrease
with the same velocity. As & result, the curves in Fig. 22
are flatter than those in Fig. 21, in gliding flight more not-
iceably than in flight with the engine running. With the
same angle of attack and at the same velocity, the angle of
the elevator is larger in flight with the engine running than
in gliding flight; that is, the airplane is mnose-heavy within
altitudes of less than 4000 m. ~ wihiok is the test 1limit - if
it has been ejquilibrated for flight with the engine running.
When it is equilibrated for gliding flight, it is tail-heavy
in flight with the engine rumning. With a view to overcom-
ing these differences in the flight of an airplane under the
two flight conditions, the fixed part of the stabilizer has
been so disposed as to bs -adjustable from the pilotis seat,
by means of a self-locking hand-wheel. This system has been
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cniefly adopted in England. The airplane can thus be equili-
brated undsr ary known ocondition of flight - with the engine
running or in gliding flight - at a given aliitude, with a
given angle of atback and with a given velocity. No effort is
required on the part of the pilot, because the elevator is

not called into action. No sooner does ons of these faciors
undergo an alteration, however, than the equilibrium is again
disturbsd and can onrly be restored by the readjustment of the
fixed plans or by the action of the elevator. If an altera-
tion takes piace in all the atove-named influences, brusquely
as in the case cof steep gliding with the engire stoppsd, it
may sometimss happen that the increase in the.elevator zngle
no longer suffices for the adjustable fixed planss. On this
account, there is some objection to adjustavle fixed planes;
to begin with, the pilot can conpensate his airplane for only
one flight condition, at high altitudes, through altering

the position of the fixed part. This derapgewent of the equi-
librium when passing to another condition of working may be
dangerous in the case with airplanes with extremely marked
variations of position and speed, such as fighting monoplanes,
for instence, especially whén the c.g. is loecatzsd high up

on account of the pcsition of the pilot's seat and the machine-
gun, as in German fighting monoplanes with a stationary en-
gine.

The adjustable tail plane is favorable for airplanes in
which the c.g. varies considerably during flight (as, for in-
stance, throngh the weight of bombs applied in front of or
behind the resultant of the air-forces in night-bombing or
giant airplanes) as the pilot can considerably lighten the
elevator, after bombs have been dropped, by readjusting the
"fixed plane. 1In airplanes of the newest types, the adjusti-
ment of the fixed part scarcely needs t0 be taken into ac-
count, there being no marked alterations in the flight condi-
tions. The same may be said of large size or giant airplanss.

SUMMARY OF THE TEST RESULTS.

1. € airplanes with two struts are extremely suscept-
ible to aileron mensuvers, slight alterations of the aileron
sufficing to compensate great unequalized wroments.

2. Great unequalized moments can be produced or neutral-
ized by the unequalized alteration of the angle of attack be-
low the outer or ianer struts. Adjustment below the outer strutb
is the more effective method of the two. Contrary to the ef-
fect of alterations in the angle of attack bslow the outer
strute, nroments resulting from weights and alterations in the
pgsition of the inner struts cause no side-slip in the air-
plane.

3. When a load of bombs ls suspended beyond the center
of the airrlane, below the wings, the bombs need not be dropped
on both sides simualtansously.
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4. The propeller wash of a wide cpen engine has con-
siderable influence on the position and working of the ele-
vator. The elevaitor is more susceptible in flight with the
éngine running than in gliding flight.

5. Adjustable tail planes are not advisable for D
airplanes, nor for the € +type, but they are, on the other
hand, to be recommended for large size and giant airplanes
ir which the c.g. changes during flight. :

6. The ailercn values obtained by wind-tunnel measure-
ments are about 10% too low, though otherwise applicable.
For the elevator, the results of such measurements should be
taken as mean values between flight with the engine running
and giliding flight. i
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